INTRODUCTION {#SEC1}
============

Human gut microbiota is the microbe population involving bacteria, archaea and eukarya inhabiting in our intestine, and has co-evolved with the host to live together ([@B1],[@B2]). According to the latest estimation, the number of bacteria cells in colon reaches 4 × 10^13^, which is approximately equal to the number of Human cells ([@B3]). Evidence shows that gut microbiota plays a vital role in pathogen resistance, host immunity and metabolism ([@B4]).

With the advances of sequencing technologies and the importance of gut microbiota for health ([@B7]), it leads to a significant increase in the number of assembled genomes. Current resources mainly focus on restoring and managing microbial genomes, and thus to conduct comparative analysis. To provide gold-standard genomes, RefSeq microbial genomes database ([@B8]) manually collects the primary sequence records of the International Nucleotide Sequence Database public archives (INSDC). To the consistency of the organism, NCBI Taxonomy database ([@B9]) provides a standard nomenclature and taxonomic classification repository for INSDC. In addition, MBGD, IMG and MicrobesOnline ([@B10]) are frequently used tools and platforms using comparative analysis of microbial genome for exploring genome diversity in microbiota.

Over the past several years, accumulating evidence indicates that alterations in the composition of the gut microbial community, known as dysbiosis, could be closely related to the development of chronic disorders. In 2011, Koren *et al.* used 16S rRNA sequencing technology to investigate the diversity of gut microbiota in patients with atherosclerosis ([@B13]). As a result, they identified five bacterial taxa (Firmicutes, Proteobacteria, Lachnospiraceae, Erysipelotrichaceae and Pseudomonas luteola) in the gut that are correlated with atherosclerosis, which could be potential disease markers. Subsequently, hundreds of disorders that are associated with dysbiosis of gut microbiota have been experimentally validated, such as type 2 diabetes mellitus (T2DM), primary sclerosing cholangitis, acne and so on ([@B14]). Moreover, current discoveries suggest that the gut microbiota in disorders could be altered by drugs, diets and other intervention measures, which would lead to the beneficial effects on disorders. In 2017, the microbially mediated mechanism of metformin on glucose metabolism was revealed. To explore the therapeutic potential in patients by modulating the gut microbiota, experiments were designed on Mouse with intervention measures ([@B17],[@B18]).

Although several online repositories have been developed for storing microbiota genome, few document the function of microbiota, e.g. associations between microbiota and disease ([@B32]), and none focus on the function of gut microbiota. Up to now, detailed information on dysbiosis of the gut microbiota in disorders and interventions is still scattered in papers. Thus, we developed a manually curated database entitled 'gutMDisorder' for collecting experimentally validated associations between gut microbiota and diseases or intervention measures from papers. The database could be freely available at: <http://bio-annotation.cn/gutMDisorder>.

DATA COLLECTION AND DATABASE CONTENT {#SEC2}
====================================

To collect high-quality data, all the associations between gut microbiota and disorders or intervention measures were manually extracted from publications as previous studies ([@B19]). Here we searched PubMed database with a list of keywords to acquire potentially relevant papers, such as 'gut', 'intestinal', 'microbiota', 'microbiome', 'mice', 'rat', '16S', etc., and selected \>1900 papers. Then we checked which papers documented experimentally validatedassociations. Subsequently, differential gut microbiota in disorders and intervention measures were extracted and double-checked from 443 papers (upper part of Figure [1](#F1){ref-type="fig"}). As a result, 2263 experimentally validated associations between 579 gut microbes and 123 disorders or 77 interventions in Human and 930 associations between 273 gut microbes and 33 disorders or 151 interventions in Mouse were collected in the current version of gutMDisorder (Table [1](#tbl1){ref-type="table"}).

![The process of data collection.](gkz843fig1){#F1}

###### 

The number of intestinal microbes, disorders, interventions and their associations in Human and Mouse

  Species   No. of intestinal microbes   No. of disorders   No. of intervention measures (drugs, foods, others)   No. of associations
  --------- ---------------------------- ------------------ ----------------------------------------------------- ---------------------
  Human     579                          123                77 (46, 15, 16)                                       2263
  Mouse     273                          33                 151 (66, 52, 33)                                      930

Each entry in the gutMDisorder contains three sections for documenting an association (lower part of Figure [1](#F1){ref-type="fig"}). 'Association' section documents an association type, an intestinal microbe, a disorder, intervention measures (drug, food, or others), a brief description of the alteration in the intestinal microbe under the disorder or intervention. The gutMDisorder mainly documents two types of associations, 'gut microbiota associated with disorder' and 'interventions change the composition of gut microbiota'. The gut microbe, disorder and drug terminologies were organized based on NCBI taxonomy database ([@B9]), Disease Ontology (DO) ([@B23]) and DrugBank ([@B24]), respectively. Such an organization provides not only a substantial advantage in terms of search but also further analysis as previously described ([@B22]). 'Sample' section documents species (Human or Mouse), sample size and source, sex, age, BMI, sequencing technology and platform and so on. The sequencing technology includes 16S rRNA/rDNA, quantitative metagenomics by shotgun sequencing, qPCR, RT-qPCR, and so on. 'Literature' section documents detailed description of the literature reference. Especially, it contains web sites of sequencing data, which can help researchers to obtain the original sequence data for further analysis.

Figure [2A](#F2){ref-type="fig"} shows the pie chart of the distribution of gut microbiota in Human among different classifications of NCBI Taxonomy database ([@B9]). Current version of gutMDisorder documents microbes across phylum, class, order, family, genus and species levels. 279 (48.19%) microbes are at genus level, which make up almost half of our database. As in Human, a great many of the microbes (40.29%, 110/273) in Mouse are at genus level, which is demonstrated in Figure [2B](#F2){ref-type="fig"}.

![The distribution of gut microbes, disorders, and intervention measures in gutMDisorder. (**A**) The distribution of gut microbes in Human among different taxa. (**B**) The distribution of gut microbes in Mouse among different taxa. (**C**) Histogram of the number of microbes in Human associated with individual disease or intervention measure. (**D**) Histogram of the number of microbes in Mouse associated with individual disease or intervention measure. (**E**) Histogram of the number of diseases and intervention measures associated with individual microbe in Human. (**F**) Histogram of the number of diseases and intervention measures associated with individual microbe in Mouse.](gkz843fig2){#F2}

Figure [2C](#F2){ref-type="fig"} and [D](#F2){ref-type="fig"} shows the histogram of the number of diseases and intervention measures associated with individual microbe in Human and Mouse, respectively. The majority of Human (54.75%, 317/579) and Mouse (58.97%, 161/273) microbes are associated with only one disease and intervention measure, which could be a potential marker. The richness of bifidobacterium (at genus level) is the most likely to be altered in Human, since it is associated with the most number (51) of diseases and interventions.

Figure [2E](#F2){ref-type="fig"} and [F](#F2){ref-type="fig"} demonstrates the histogram of the number of microbes associated with individual disease or intervention measure in Human and Mouse, respectively. Thirty diseases and intervention measures are associated with only one microbe in Human. While most of diseases and intervention measures (143) are associated with three or more microbes. The dysbiosis of gut microbiota could be very important in the development of these diseases.

As our previous resources ([@B20],[@B25],[@B26]), all the data of gutMDisorder were stored and managed in a cloud server called ucloud ([@B27]). It can be freely available at <http://bio-annotation.cn/gutMDisorder>.

USER INTERFACE {#SEC3}
==============

gutMDisorder provides a tree browser and a search engine to query detailed information about associations between gut microbiota and diseases or interventions. Figure [3](#F3){ref-type="fig"} shows the schematic workflow.

![Schematic workflow of gutMDisorder.](gkz843fig3){#F3}

The tree browser organizes the data according to species and uses 'Human' and 'Mouse' as root categories. Each of the species involves three sub-categories named 'GutMicrobiota', 'Disorder' and 'Intervention'. By clicking 'GutMicrobiota' or 'Disorder' category, all the names of intestinal microbes or disorders belonged to the corresponding species would be listed as leaf nodes. The 'Intervention' category contains 'Drug', 'Food' and 'Others' sub-categories, which could be expanded to specific intervention measures. Figure [3](#F3){ref-type="fig"} shows a partial list of Human disorders. After selecting a disorder 'asthma', all the associations between asthma and gut microbes would be retrieved and shown in a table, where an association with a brief introduction was represented into one row. The identifier of microbe, disorder, drug and PMID could be linked to NCBI taxonomy database, DO, DrugBank, and PubMed for detailed description of these entities. In the result table, clicking the 'detail' link of a row would lead to the detailed information about an association. For an association between a disease and a microbe in a row, clicking the 'microbial-mediated' link, the disease, and the microbe incorporated with the interventions that could alter it would be shown in a network.

The search engine offers a way to query associations by inputting a term of microbe, disorder, and intervention measure. For ease of use, these inputting terms could be auto-completed by selecting a species. After submitting the input items, entries in the database that match with these items exactly will be returned and shown in a table as above.

gutMDisorder provides a 'Submit' page for researchers to submit a traceable introduction about important associations that are not documented in the database. Once approved by the reviewer committee, the associations with detailed information will be included in the update version. In addition, a 'Resource' page was also offered for downloading all the data.

FUTURE DEVELOPMENT {#SEC4}
==================

To make the collection process more systematic and data content more complete, we plan to adopt following three strategies. First, text-mining tools would be used to prescreen papers in MEDLINE Titles and Abstracts. Second, new associations submitted in web page would be included after reviewing. Third, gutMDisorder will be updated quarterly for adding the latest discoveries. With the development of high-throughput technologies, more characterize of gut microbiota would be revealed. This could lead to the rapid increase of microbial resources. Hence, it would be very valuable to give a convenient way to incorporate gutMDisorder to other potential related resources for annotating the function of gut microbiota. To this end, more links through gut microbiota, disorders, and intervention measures to other potential related resources would be provided.

CONCLUSION {#SEC5}
==========

gutMDisorder is a comprehensive resource for documenting dysbiosis of the gut microbiota in disorders and interventions, which provides an easy way to search, browse, and download all the experiment-based associations in Human and Mouse. Current version contains 2263 associations between 579 gut microbes and 123 disorders or 77 interventions in Human, and 930 associations between 273 gut microbes and 33 disorders or 151 interventions in Mouse. Since it is the first manually curated resource for annotating the function of gut microbiota, gutMDisorder provides a choice using previous methods and tools about predicting roles of molecules ([@B28]) in exploring new function of microbiota.
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